Abstract. The analysis of time series databases is very important in the area of medicine. Most of the approaches that address this problem are based on numerical algorithms that calculate distances, clusters, index trees, etc. However, a symbolic rather than numerical analysis is sometimes needed to search for the characteristics of the time series. Symbolic information helps users to efficiently analyse and compare time series in the same or in a similar way as a domain expert would. This paper focuses on the process of transforming numerical time series into a symbolic domain and on the definition of both this domain and a distance for comparing symbolic temporal sequences. The work is applied to the isokinetics domain within an application called I4.
Introduction
An important domain for the application of time series analysis in the medical field is physiotherapy and, more specifically, muscle function assessment based on isokinetics data.
Isokinetics data is retrieved by an isokinetics machine (Fig. 1a) , on which patients perform exercises at maximum strength. To assure that the patient performs exercises at constant speed, the machine puts up the required resistance to the strength the patient exerts. Our patients are chiefly sportspeople. Therefore, we decided to focus on knee exercises (extensions and flexions) since most of the data and knowledge gathered by sports physicians is related to this joint. The data takes the form of a strength curve with additional information on the angle of the knee (Fig. 1b) . The positive values of the curve represent extensions (knee angle from 90º to 0º) and the negative values represent flexions (knee angle from 0º to 90º).
After observing experts at work, we found that they apply their knowledge and expertise to focus on certain sections of the isokinetics time series and ignore others. Therefore, we looked for a way of bringing the system output closer to the information sports physicians deal with in their routine work, since they demand a representation related to their own way of thinking and operating. Hence, symbolic series have been used as an alternative that more closely resembles an expert's conceptual mechanisms. To do this, our research focused primarily on the design of the symbols extraction method that translates numerical time series into symbolic temporal series. An early version of this method was described in [1] . Second, we designed a distance measure to indicate how similar two symbolic time series are. This way, symbolic sequences can be automatically compared to detect similarities, classify patients, etc.
In this paper, section 2 describes the I4 system of which this research is part. Sections 3 and 4 describe, respectively, time series comparison issues and the semantic extraction method. Section 5 introduces the isokinetics symbolic distance, the proposed metric for comparing symbolic series. This metric is an extension of the Needleman-Wunch distance [2] . Section 6 shows the visualization provided to physicians. Section 7 shows the research results and evaluation and, finally, section 8 presents some conclusions and mentions future lines of research.
I4 System
This work is part of the I4 Project (Intelligent Interpretation of Isokinetics Information) [3] , which provides sports physicians with a set of tools to visually analyse patient strength data output by an isokinetics machine (Figure 2) . I4 is composed of several subsystems. First, there are data preparation tasks, which include translation, formatting, cleaning and pre-processing. These tasks use expert knowledge and generate a database in which data are homogeneous, consistent and noise-free. The second subsystem is a knowledge-based system (KBS) that analyses expert data to make it easier for novice users and also blind physiotherapists to interpret the isokinetics curves. Third, there is a knowledge discovery in databases (KDD) system that performs numerical comparisons of isokinetics data to define reference models for patient groups and to identify injury patterns. Finally, there is a visualization module that displays exercises, injury patterns, reference models, etc.
Many of these functionalities are used on a daily basis by specialized physicians to assess their patients' (mostly top-competition sportsmen and women) potential, diagnose injuries and analyse what progress patients have made in injury recovery. The I4 system is reliable and outputs equivalent results to what an expert would do. However, it has failed to gain experts' total confidence. This is because the information the expert receives from the system does not highlight the significant aspects of the
